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DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  DIVISION,  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAD 
WALTHAM,  MASSACHUSETTS  02154 


AUG  2  6  W80 


Honorable  Richard  A.  Snelling 
Governor  of  the  State  of  Vermont 
State  Capitol 

Montpelier,  Vermont  05602 


Dear  Governor  Snelling: 

Inclosed  is  a  copy  of  the  East  Long  Pond  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection 
of  Non-Federal  Dams*  The  report  is  based  upon  a  visual  inspection,  a 
review  of  past-  performance,  and  a  preliminary  hydrological  analysis* 

A  brief  assessment  is  Included  at  the  beginning  of  the  report* 

The  preliminary  hydrologic  analysis  has  indicated  that  the  spillway 
capacity  for  the  East  Long  Pond  Dam  would  likely  be  exceeded  by  floods 
greater  than  13  percent  of  the  Probable  Maximum  Flood  (PMF),  the  test 
flood  for  spillway  adequacy*  Our  screening  criteria  specifies  that  a 
dam  of  this  class  which  does  not  have  sufficient  spillway  capacity  to 
discharge  fifty  percent  of  the  PMF,  should  be  adjudged  as  having  a 
seriously  Inadequate  spillway  and  the  dam  assessed  as  unsafe, 
non-emergency,  until  more  detailed  studies  prove  otherwise  or 
corrective  measures  are  completed. 

The  term  "unsafe"  applied  to  a  dam  because  of  an  Inadequate  spillway 
does  not  indicate  the  same  degree  of  emergency  as  that  term  would  if 
applied  because  of  structural  deficiency.  It  does  indicate,  however, 
that  a  severe  storm  may  cause  overtopping  and  possible  failure  of  the 
dam,  with  significant  damage  and  potential  loss  of  life  downstream. 

It  is  recommended  that  within  twelve  months  from  the  date  of  this 
report  the  owner  of  the  dam  engage  the  services  of  a  professional  or 
consulting  engineer  to  determine  by  more  sophisticated  methods  and 
procedures  the  magnitude  of  the  spillway  deficiency.  Based  on  this 
determination,  appropriate  remedial  mitigating  measures  should  be 
designed  and  completed  within  24  months  of  this  date  of  notification. 
In  the  interim  a  detailed  emergency  operation  plan  and  warning  system 
should  be  promptly  developed.  During  periods  of  unusually  heavy 
preclptiation,  round-the-clock  surveillance  should  be  provided. 
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NEDED-E 

Honorable  Richard  A.  Snelling 

I  have  approved  the  report  and  support  the  findings  and  recommenda¬ 
tions  described  in  Section  7,  with  qualifications  as  noted  above.  I 
request  that  you  keep  me  informed  of  the  actions  taken  to  Implement 
these  recommendations  since  this  follow-up  is  an  Important  part  of  the 
non-Federal  Dam  Inspection  Program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Water 
Resources,  the  cooperating  agency  for  the  State  of  Vermont.  This 
report  has  also  been  furnished  to  the  owner  of  the  project,  Village  of 
Hardwick,  Electric  Light  Department,  Hardwick,  Vermont  05843. 

■ 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request  to  this  office,  under  the  Freedom  of  Information  Act,  thirty 
days  from  the  date  of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Water  Resources  for  the  cooperation  extended  in  carrying  out 
this  program. 


Sincerely, 


SCHEIDER 
Colonel,  Corps  of  Engineers 
Division  Engineer 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION  REPORT 
BRIEF  ASSESSMENT 


Identification  Number: 
Name  of  Dam: 

Town: 

County  and  State: 
Stream: 

Date  of  Inspection: 


00185 

East  Long  Pond  Dam 
Woodbury 

Washington,  Vermont 
Nichols  Brook 
October  25,  1979 


East  Long  Pond  Dam  is  a  26 0-foot- long,  20-foot-high  earth 
embankment  with  an  outlet  structure  in  the  center  of  the  dam.  It 
was  reconstructed  in  1930  to  provide  water  supply  for  the  gener¬ 
ation  of  hydroelectric  power  at  Mackville  Dam,  2%  miles  downstream. 

Water  from  East  Long  Pond  currently  augments  flows  at  Pottersville 
Dam  on  the  Lamoille  River.  The  appurtenant  works  consist  of  a  12-foot 
auxiliary  spillway  in  the  center  of  the  dam;  a  100-foot  wide  emergency 
spillway  in  the  right  abutment;  and  a  gated  36-inch  diameter  conduit. 

The  engineering  information  available  on  the  structure  consisted  of 
past  inspection  reports  by  two  bureaus  of  the  State  of  Vermont  and  a 
1930  report  of  construction  activities. 

The  visual  inspection  of  East  Long  Pond  Dam  revealed  some  minor 
problems.  The  general  condition  of  the  dam  is  considered  fair.  The 
inspection  revealed  trees  growing  on  the  crest  and  slopes,  deterioration 
of  concrete  on  the  auxiliary  spillway,  a  large  amount  of  driftwood 
accumulated  at  the  dam,  and  a  gate  operating  mechanism  in  poor  repair. 

Based  on  the  dam's  Intermediate  size  and  High  hazard  classification 
in  accordance  with  the  Corps'  guidelines,  the  test  flood  is  the  full  PMF. 
The  test  flood  for  a  drainage  area  of  4.6  square  miles  is  approximately 
8100  cfs.  With  the  water  level  at  the  top  of  the  dam,  the  spillways  will 
discharge  745  cfs  (1355  of  the  routed  test  flood  outflow).  Storage  provided 
by  the  pond  (1040  acre-feet)  will  attenuate  the  test  flood  to  a  projected 
outflow  of  5650  cfs  which  will  overtop  the  dam  by  3.3  feet. 

It  is  recommended  that  the  owner  engage  a  qualified  registered  eng¬ 
ineer  to  design  repairs  to  the  downstream  face  of  the  auxiliary  spillway 
and  training  walls,  investigate  a  discrepancy  between  the  as-built  drawings 
and  the  field  conditions,  eliminate  problems  caused  by  floating  debris, 
remove  vegetation  from  the  crest,  investigate  alternatives  to  the  gate 
operating  mechanism,  and  perform  a  detailed  hydrologic  and  hydraulic 
investigations  to  determine  the  need  and  means  of  increasing  the  discharge 
capacity  of  the  project.  The  owner  should  initiate  an  active  maintenance 
program  and  develop  formal  surveillance  and  downstream  flood  warning 
plans,  including  round-the-clock  monitoring  during  heavy  precipitation. 


This  Phase  I  Inspection  Report  on  East  Long  Pond  Dam 
has  been  reviewed  by  the  undersigned  Ievlev  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  rscounendstlons  are 
consistent  with  the  Recoenended  Guidelines  for  Safety  Inspection  of 
Pans,  and  with  good  engineering  Judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


Water  Control  Branch 
Engineering  Division 


ARAMAST  MAHTES1AN,  MEMBER 


Geotechnical  Enqlneerlna  Branch 

Engineering  Division 


CARNEY  M.  TERZIAN,  CHAIRMAN 
Design  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED! 

fit  jniAf-toir 

jftl  1.  FRIAR 1 
Chief,  tnglneerlng  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigation,  and 
analyses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope 
of  a  Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available  to 
the  inspection  team.  In  cases  where  the  reservoir  was  lowered  or 
drained  prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe 
conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  flood  is  based  on  the 
estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably-possible  storm  runoff),  or  fractions  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a  storm  event,  a  finding  that 


a  spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 

The  Phase  I  investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no-trespassing  signs,  repairs  to 
existing  fences  and  railings  and  other  items  which  may  be  needed 
to  minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for  compli¬ 
ance  with  OSHA  rules  and  regulations  is  also  excluded. 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 
EAST  LONG  POND  DAM 

SECTION  1 

PROJECT  INFORMATION 


1. 1  General 

a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate 
a  National  Program  of  Dam  Inspection  throughout  the  United  States.  The 
New  England  Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of  dams  within  the  New 
England  Region.  DuBois  &  King,  Inc.,  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in  the  State  of 
Vermont.  Authorization  and  notice  to  proceed  were  issued  to  DuBois  & 

King,  Inc.,  under  a  letter  of  October  19,  1979,  from  William  E.  Hodgson, 
Jr.,  Colonel,  Corps  on  Engineers.  Contract  No.  DACW33-80-C-0003  has 
been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  To  perform  technical  inspection  and  evaluation  of  non-Federal 
dams  to  identify  conditions  which  threaten  the  public  safety  and  thus 
permit  correction  in  a  timely  manner  by  non-Federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  quickly  initiate 
effective  dam  safety  programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory  of  Dams. 

1.2  Description  of  Project 

a.  Location.  East  Long  Pond  Dam  is  located  on  Nichols  Brook  in 
the  Town  of  Woodbury,  Vermont,  approximately  three  and  one-half  miles 
upstream  from  its  confluence  with  Cooper  Brook.  Nichols  Brook  joins  Cooper 
Brook  about  one  and  one-half  miles  above  its  mouth;  consequently.  East 
Long  Pond  Dam  is  located  about  five  miles  upstream  from  the  Lamoille  River. 
The  dam  is  shown  on  the  15-minute  USGS  quadrangle  for  Plainfield,  Vermont, 
with  coordinates  approximately  72°  20.9'  west  longitude,  44°  26.9'  north 
latitude,  Caledonia  County,  Vermont.  The  location  of  East  Long  Pond  Dam  is 
shown  on  the  Location  Map  immediately  preceding  this  page.  The  site  of  the 
dam  is  relatively  inaccessible,  requiring  travel  by  either  4-wheel  drive 
vehicles  or  hiking. 
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b.  Description  of  Dam  and  Appurtenances.  East  Long  Pond  Dam  is  an 
earth  embankment  with  a  masonry  and  concrete  outlet  structure  approxi¬ 
mately  in  the  center  of  the  dam.  The  embankment  has  a  top  width  of  10 
j.eet,  side  slopes  of  2:1  and  it  is  260  feet  long.  Its  structural  height 
is  20  feet.  The  outlet  structure  reportedly  has  two  gates  2.5  feet  by  6 
feet  that  control  flow  into  a  36-inch  diameter  culvert.  There  is  a  12- 
feet-wide  overflow  section  which  serves  as  an  auxiliary  spillway  at 
elevation  1208.8  NGVD.  The  emergency  spillway  is  located  in  the  right 
abutment  and  it  has  an  18-inch  wide  concrete  sill,  100  feet  long  at 
elevation  1208  NGVD. 

c.  Size  Classification.  East  Long  Pond  Dam  is  20  feet  high  and 
has  a  storage  volume  of  3620  acre-feet  of  water.  In  accordance  with 
12.1.1  of  the  Recommended  Guidelines  for  Safety  Inspection  of  Dams,  the 
dam  is  Intermediate  in  size  based  upon  its  storage  capacity  which  is 
greater  than  1,000  acre-feet  but  less  than  50,000  acre-feet. 

d.  Hazard  Cla&a If lcat ion.  The  dam  has  a  hazard  classification  of 
High  based  upon  its  potential  for  damage.  Approximately  3  miles  down¬ 
stream  lies  Mackville  Dam.  The  flood  wave  generated  by  a  breach  of  East 
Long  Pond  Dam  would  be  approximately  11  feet  high  when  it  reached  the 
Mackville  Dam  Pond.  It  la  considered  that  the  flood  wave  generated  by  a 
breach  of  East  Long  Pond  Dam  would  cause  subsequent  overtopping  of 
Mackville  Dam.  Appreciable  damage  could  occur  at  that  site  to  five 
dwellings  with  flood  levels  up  to  5  feet  above  the  first  floor.  In 
addition,  another  residential  area  one-half  mile  further  downstream  than 
Mackville  has  about  10  more  residences  that  would  be  subject  to  the 
resultant  flooding.  It  Is  possible  that  more  than  a  few  lives  may  be 
lost  If  East  Long  Pond  dam  is  breached. 

e.  Ownership.  This  dam  is  owned  by  the  Village  of  Hardwick 
Electric  Light  Department.  The  dam  was  formerly  owned  by  Green  Mountain 
Power  Corporation. 

f.  Operator.  The  dam  is  operated  and  maintained  by  the  Village  of 
Hardwick,  Vermont  05843.  Mr.  William  Fee,  Village  Manager,  is  in 
charge  of  all  Village  equipment.  His  telephone  number  Is  802/472-5201. 

8*  Purpose.  The  original  purpose  of  the  dam  was  to  provide  water 
supply  to  operate  Mackville  Dam  for  power  generation.  The  power  gen¬ 
erating  facilities  of  Mackville  Dam  have  been  eliminated;  however,  the 
outflow  from  East  Long  Pond  Dam  is  used  to  augment  the  flows  for  another 
dam  on  the  Lamoille  River  at  Pottersville,  which  generates  power  for 
the  Village  of  Hardwick  Electric  Light  Department. 

h.  Design  and  Construction  History.  The  dam  was  reconstructed 
at  its  present  location  in  1930.  Part  of  the  outlet  structure  from  an 
earlier  dam  was  incorporated  into  the  reconstruction.  All  other  struc¬ 
tural  elements  including  the  embankment  and  emergency  spillway  sill  were 
constructed  in  1930.  The  reconstruction  was  designed  by  Trojan  Engin¬ 
eering  Company  of  New  York  City  in  1929.  Registered  Engineer  H.  K. 
Barrows  certified  the  as-built  plans  in  1930  for  the  Public  Service 
Commission. 


i.  Normal  Operating  Procedure.  East  Long  Pond  Dam  is  maintained 
for  flow  augmentation  for  a  power  dam  on  the  Lamoille  River.  The  gates 
are  reportedly  opened  in  mid -summer  and  the  pond  level  is  maintained 
at  approximately  one  foot  below  spillway  level  (1208  NGVD).  The  gates  are 
then  closed  in  the  spring  to  raise  the  pool  level  and  normal  flows  exit  via 
the  emergency  spillway. 


1.3  Pertinent  Data 

a.  Drainage  Area.  The  drainage  basin  of  Nichols  Pond  Dam  includes 
an  area  of  3.5  square  miles.  The  land  is  mostly  forested  and  the  terrain 
is  extremely  steep  and  mountainous.  The  basin  is  sparsely  populated  and 
there  are  very  few  houses  and  no  paved  roads. 

The  maximum  reservoir  area  of  187  acres  represents  approximately  6% 
of  the  total  drainage  area.  The  predominant  soils  in  the  watershed  are 
Glover-Calais  and  Calais-Buckland. 


Discharge  at  the  Dam  Site. 


(1)  Outlet  Works.  A  conduit  is  located  in  the  outlet  control 
structure.  Reportedly,  there  are  two  2.5-feet  by  6-feet  flood  gates  on 
the  upstream  side.  There  is  only  a  36-inch  diameter  pipe  which  exits  the 
downstream  face. 


In  order  to  open  the  gates  the  operator  must  walk  across  the 
emergency  spillway,  and  then  stand  in  the  center  of  the  auxiliary 
spillway,  and  then  assemble  the  gate  operating  mechanism.  For 
this  reason  and  because  of  the  inaccessibility  of  the  site,  it 
•as  considered  that  the  gates  would  not  function  during  high  water. 

The  maximum  capacity  of  the  conduit  is  considered  to  be 
approximately  150  cf s  based  upon  inlet  control  with  a  water 
surface  at  top  of  dam  (el.  1210  NGVD). 

(2)  Maximum  Known  Flood.  There  were  no  records  available  nor 
were  there  any  witnesses  of  any  past  flooding  at  the  site. 

(3)  Spillway  Capacity  at  Top  of  Dam.  The  emergency  spillway 
is  a  natural  saddle  area  in  the  right  abutment.  There  is  a  100- 
foot-wide  concrete  sill  which  is  partially  buried.  Presently  a 
length  of  70  feet  of  the  sill  is  exposed.  An  estimate  of  80  feet 

of  available  weir  length  was  used  in  the  calculations  to  approximate 
the  effects  of  the  buried  sill.  The  auxiliary  spillway  is  a  12-foot 
wide  by  1.6-feet  high  rectangular  opening  in  the  outlet  structure. 


When  the  water  is  at  the  top  of  dam,  elevation  1210.0, 
the  emergency  spillway  will  discharge  700  cfs  and  th_  auxiliary 
spillway  will  discharge  45  cfs  for  a  total  capacity  of  745  cfs. 

This  total  project  discharge  (745  cfs)  with  a  water  level  at  the 
crest  of  the  dam  is  equivalent  to  13%  of  the  routed  test  flood  outflow. 


(4)  Spillway  Capacity  at  Test  Flood  Elevation.  The  full  PMF 
test  flood  inflow  for  the  3.5  square  mile  drainage  area  is  8100  cfs. 
Storage  of  1,040  acre-feet  will  attenuate  the  peak  ouflow  to  5,650 
cfs  at  elevation  1213.3  this  represents  an  overtopping  of  the  dam  by 
3.3  feet.  The  spillways  will  contribute  3,370  cfs  (60%)  of  the  routed 
test  flood  outflow, (5,650  cfs). 

(5)  Total  Project  Discharge.  The  total  project  discharge 
at  the  top  of  dam  is  745  cfs  at  elevation  1210.0.  During  the 
test  flood,  when  the  inflow  is  8,100  cfs,  the  total  project 
will  discharge  5,650  cfs  at  elevation  1213.3. 


c.  Elevation  (NGVD) 

(1)  Streambed  at  toe  of  dam  1190.0 

(2)  Bottom  of  cutoff  (assumed)  1188.0 

(3)  Maximum  tailwater  N/A 

(4)  Recreation  pool  1208.0 

(5)  Full  flood  control  pool  N/A 

(6)  Emergency  Spillway  crest  (ungated)  1208.0 

(7)  Auxiliary  Spillway  crest  (ungated)  1208.8 

(8)  Design  surcharge  (Original  Design)  Not  known 

(9)  Top  of  dam  1210.0 

(10)  Test  flood  surcharge  1213.3 

d.  Reservoir  (Length  in  feet) 

(1)  Normal  pool  el.  1208.0  6000 

(2)  Flood  control  pool  N/A 

(3)  Spillway  crest  pool  el.  1208.0  6000 

(4)  Top  of  dam  el.  1210.0  6,100 

(5)  Test  flood  pool  el.  1213.3  6,500 

e.  Storage  (acre-feet) 

(1)  Normal  pool  3250 

(2)  Flood  control  pool  N/A 

(3)  Spillway  crest  pool  3250 

(4)  Top  of  dam  3620 

(5)  Test  flood  pool  4260 


f.  Reservoir  Surface  (acres) 


(1) 

Normal  pool 

181 

(2) 

Flood  control  pool 

N/A 

(3) 

Spillway  crest 

181 

(4) 

Test  flood  pool 

202 

(5) 

Top  of  dam 

187 

g.  Dam 

Earth  embankment 
260  feet 
20  feet 
10  feet 

2:1  Upstream/Downstream 
Rock  fill  at  toe 
Clay  core 
2  feet  by  5  feet 
None 


Not  applicable. 

Spillway 

Emergency 

Auxiliary 

(1)  Type 

Saddle 

Notch 

(2)  Length  of  Weir 

100  feet  (per  plans) 

70  feet  (exposed) 

12  feet 

(3)  Crest  elevation 
(no  flash  boards) 

1208.0 

1208.8 

(4)  Gates 

None 

None 

(5)  Upstream  Channel  Approach  channel  to  emergency 

spillway  is  shallow  and  clogged 
with  debris.  There  is  no  approach 
channel  for  the  auxiliary  spillway. 

(6)  Downstream  Channel  Downstream  channel  of  emergency  spillway 

is  natural  channel  with  rubble  invert. 
Downstream  channel  of  auxiliary  spillway 
is  a  narrow  channel  with  a  few  overhanging 
trees  on  its  banks.  Channel  bottom 
consists  of  boulders  and  rock  outcrops. 


(1)  Type 

(2)  Length 

(3)  Height 

(4)  Top  Width 

(5)  Side  Slopes 

(6)  Zoning 

(7)  Impervious  Core 

(8)  Cutoff 

(9)  Grout  Curtain 


h.  Diversion  and  Regulating  Tunnel 


Regulating  Outlets 

(1)  Invert  (NGVD) 

(2)  Size 

(3)  Description 

(4)  Control 


1191.4 

36-inch  diameter 

Concrete  pipe 

Hand  operated  gates 
2-(2.5  ft  x  6  ft)  gates 
connected  to  36-inch 
diameter  conduit 


SECTION  2 
ENGINEERING  DATA 


2. 1  Design 

Information  on  the  design  of  East  Long  Pond  Dam  is  not 
available.  The  Vermont  Public  Service  Board  has  microfilmed 
files  of  Vermont  Public  Service  Commission,  a  predecessor  of 
the  present  agency.  Among  those  files  is  an  application  for 
reconstruction  of  East  Long  Pond  Dam  with  a  one-page  specifica¬ 
tion. 


2.2  Construction  Data 


The  microfilmed  files  mentioned  above  also  yielded  a  con¬ 
struction  progress  report  to  the  Public  Service  Commission  by 
H.  K.  Barrows,  a  consulting  engineer.  This  report  describes 
the  structure,  recommends  changes  to  the  original  design,  and 
contains  a  marked  copy  of  one  construction  drawing  with  as-built 
notes. 


2.3  Operation 

No  operating  manual  was  available  for  East  Long  Pond  Dam. 
Operating  personnel  reported  that  the  facilities  were  operated 
annually  to  effect  flow  augmentation  for  hydro-power.  There  is 
no  known  schedule  for  monitoring  the  structure.  There  are  records 
of  past  inspections  performed  by  the  Vermont  Department  of  Water 
Resources  and  the  Public  Service  Commission. 

2.4  Evaluation 


a.  Availability.  A  minimum  amount  of  design  information  is 
available.  It  was  not  considered  to  be  sufficiently  detailed  to 
determine  the  stability  of  the  structural  components.  There  was 
no  information  available  on  the  hydrologic  design.  The  Vermont 
Department  of  Water  Resources  has  a  file  on  past  Inspection  reports. 

b.  Adequacy.  The  available  data  was  not  sufficiently  detailed 
to  allow  for  a  definitive  review.  The  design  print  was  barely  leg¬ 
ible,  and  the  one-page  specification  was  vague.  Consequently,  more 
emphasis  was  placed  upon  the  findings  of  the  visual  inspection, 
records  of  past  performance,  and  sound  hydrologic  and  structural 
engineering  judgment. 


C.  Validity.  Some  of  the  design  aspects  did  not  totally  agree 
with  the  findings  of  the  visual  inspection.  For  example,  the  design 
data  shows  the  breadth  of  the  crest  to  be  5  feet,  whereas  it  was 
measured  to  be  10  feet  in  the  field. 
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SECTION  3 


VISUAL  INSPECTION 


3. 1  Findings 

a.  General 

The  field  inspection  of  East  Long  Pond  Dam  was  performed 
on  October  26,  1979.  The  weather  was  cloudy  and  cold  with 
temperatures  near  32°F.  The  inspection  team  included  personnel 
from  DuBois  &  King,  Inc.;  Geotechnical  Engineers  Inc.;  and  Knight 
Consulting  Engineers,  Inc.  accompanied  by  a  representative  of  the 
Village  of  Hardwick.  A  copy  of  the  inspection  checklist  as  completed 
during  the  field  inspection  is  included  as  Appendix  A.  At  the 
time  of  the  inspection  the  water  was  3.75  feet  below  the  crest 
of  the  dam  (elevation  1206.25  NGVD).  Operating  personnel  explained 
that  this  was  not  the  general  case  since  the  reservoir  would 
generally  be  kept  full  to  the  crest  of  the  emergency  spillway, 
elevation  1208.  It  was  explained  that  vandals  regularly  opened 
the  gates,  therefore  the  gate  operating  mechanism  had  been  dis¬ 
assembled.  The  operating  wheel  was  chained  to  a  tree,  and  the  worm 
gear  was  kept  at  the  Village  garage  approximately  3%  miles  downstream. 

b.  Dam 

The  dam  is  an  earth  embankment  (Photo  1),  which  reportedly  has 
a  clay  core.  It  is  constructed  2.0  to  2.5  feet  higher  than  the  emergency 
spillway  crest. 

The  upstream  slope  is  covered  partially  by  riprap  consisting 
of  boulders.  However,  several  areas  show  missing  riprap  (Photo  3) 
and  some  areas  show  some  erosion.  Erosion  has  occurred  against  the 
spillway  walls  (Photo  3).  The  upper  part  of  the  upstream  slope,  the 
crest,  and  the  downstream  slope  are  overgrown  with  trees  and  bushes 
(Photo  4). 

The  downstream  slope  is  strewn  with  boulders  (Photo  5),  and  its 
surface  is  irregular.  Voids  were  observed  under  and  between  boulders. 

No  evidences  of  seepage  were  observed  on  the  slope,  at  the  toe,  or 

immediately  downstream  of  the  dam.  A  modificaton  to  the  original 

design  indicates  that  the  dam  crest  was  to  be  set  at  4  feet  above 

the  emergency  spillway  level.  The  inspection  found  that  the  majority 

of  the  crest  was  2  to  2.5  feet  higher  than  the  crest  of  the  emergency  spillway. 


c.  Appurtenant  Structures 

The  auxiliary  spillway  is  a  concrete  structure.  In  the  upstream 
walls  and  floor,  there  is  some  spalling  and  minor  cracking  of  the 
concrete  (Photos  11  and  15).  A  small  piece  of  unreinforced  concrete 
cap  has  broken  off  at  the  right  side  of  the  riser  (Photo  12),  with¬ 
out  affecting  the  operation  or  safety  of  the  spillway.  Generally 
the  concrete  is  in  good  condition.  The  downstream  face  of  the 
spillway  structure  (Photo  6)  had  a  cyclopean  concrete  at  mid-height 
which  appears  moist  and  has  developed  severe  spalling  and  erosion. 


There  is  an  area  of  seepage  at  the  base  of  the  right  downstream 
wall  of  the  spillway  discharge  channel  (see  close-up  in  Photo  7).  Both 
training  walls  are  dry  stone  masonry  and  rest  directly  over  bedrock 
(Photos  8  and  9).  Both  walls  are  composed  of  irregularly  shaped  stones 
with  dimensions  ranging  from  3  inches  to  2  feet  on  a  side.  The  voids 
between  the  stones  vary  from  direct  contact  to  several  inches  but  most 
stones  could  not  be  moved  by  hand.  Stones  in  the  channel  at  the  base 
of  each  wall  may  be  an  indication  that  stones  have  fallen  from  the  top 
of  the  walls. 

The  outlet  gate  mechanism  (Photo  11)  has  been  disassembled. 

The  operator  has  removed  a  wheel  and  chained  it  to  a  tree  to  prevent 
trespassers  from  operating  the  gate.  Operation  of  the  gate  would 
require  crossing  both  spillways,  thus  in  case  of  flood,  it  is  reason¬ 
able  to  assume  that  the  gate  would  not  be  operated.  Although  the 
timber  rising  stems  (which  operate  in  unison)  are  in  apparently  good 
condition,  the  roller  guide  has  broken  away  and  has  been  replaced  by 
a  galvanized  channel  (Photos  11  and  12).  It  was  reported  that  this 
adaptation  does  not  allow  the  gate  mechanism  to  operate  as  freely 
as  it  did  previously.  The  metal  plates,  upon  which  the  rollers 
formerly  travelled,  have  come  loose  and  bind  against  the  galvanized 
channel  (Photo  14).  The  makeshift  timber  trashrack  upstream 
of  the  control  gates  appears  to  be  adequate  to  provide  protection  but 
some  elements  are  missing  (Photo  13). 

The  emergency  spillway  is  a  wide  (about  100  feet)  channel, 
constructed  at  the  right  abutment,  with  a  concrete  weir  (Photo  17), 
which  is  partially  buried  by  soil  and  debris.  The  left  bank  of 
the  channel  is  protected  with  riprap  against  the  dam.  The  right 
bank  of  the  channel  is  formed  by  the  natural  ground  of  the  right 
abutment  (Photo  2).  About  50  feet  to  100  feet  downstream  of  the  weir 
there  was  rust-colored  water  moving  slowly  along  the  channel  (Photo  18) , 
which  may  indicate  seepage  passing  under  the  weir.  Seepage  was  also 
observed  emerging  from  the  left  bank  of  the  channel. 

d.  Reservoir  Area 

The  reservoir  edge  in  the  vicinity  of  the  dam  shows  no  indica¬ 
tion  of  instability.  However  there  are  many  dead  trees  and  other 
debris  that  have  accumulated  adjacent  to  the  dam.  There  appear  to 
be  several  accumulations  of  fallen  trees  around  the  edge  of  the  re¬ 
servoir.  It  is  considered  likely  that  during  a  period  of  high  or 
unusual  runoff,  these  may  float  to  the  dam,  clog  the  spillways,  impinge 
upon  trees  at  the  crest  of  the  structure,  and  jeopardize  the  safety  of  the 
dam. 

e.  Downstream  Channel 

The  downstream  channel  for  the  auxiliary  spillway  is  apparently 
the  natural  streambed  (Photos  10  and  16).  The  downstream  channel 
of  the  emergency  spillway  was  described  in  Section  3.1.C  and 
joins  the  natural  streambed  a  few  hundred  feet  downstream  of  the 
dam.  Farther  downstream,  the  channel  crosses  the  remains  of  a 
breached  granite  block  and  earth  fill  dam  (Photos  19  and  20). 


3.2  Evaluation 


On  the  basis  of  the  visual  inspection,  the  dam  is  judged  to 
be  in  fair  condition.  Factors  that  can  endanger  the  future  safety 
of  the  dam  are  the  following: 

a.  Trees  growing  on  the  dam  can  lead  to  seeps  due  to 
rotting  of  roots  or  to  damage  to  the  dam  if  the  trees 
would  be  overturned  during  high  wind. 

b.  Present  concrete  deterioration  and  minor  seepage  on 
the  downstream  face  of  the  auxiliary  spillway  and  the 
right  training  wall  present  no  immediate  danger  to 

the  safety  of  the  dam;  however,  increased  deterioration 
and  seepage  could  cause  problems  in  the  future. 

c.  Floating  debris  at  the  edges  of  the  reservoir  could 
become  a  serious  problem  if  not  removed  and  destroyed. 
During  a  period  of  high  or  unusual  runoff,  they  may 
clog  the  spillway  or  catch  on  trees  on  the  crest  and 
downstream  if  the  structure  is  overtopped. 

d.  The  gate  operating  mechanism  is  in  danger  of  failing, 
a  failure  would  require  extraordinary  means  to  empty 
the  pond  for  repairs  or  maintenance. 
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SECTION  4 


OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4. 1  Operational  Procedures 

a.  General.  Operational  Procedure  consists  primarily  of  opening 
the  gates  in  the  summer  time  in  order  to  augment  flows  to  the  power 
dam  downstream  on  the  Lamoille  River.  In  order  to  operate  the  sluice 
gates,  the  operator  must  stand  on  the  crest  of  the  spillway  and 
assemble  the  mechanism  which  raise  and  lowers  the  timbers  attached 

to  the  gates.  Part  of  the  gears  are  *.ept  at  the  Village  maintenance 
shed  approximately  3 H  miles  downstream.  There  is  no  written  procedure 
for  lowering  the  pool  level  or  opening  the  gates  in  preparation  of  a 
possible  flood  event.  A  1949  inspection  report  by  an  engineer  for  the 
Public  Service  Commission  warned  that  both  East  Long  Pond  and  Nichols 
Pond  should  not  be  kept  full  during  flood  season  (which  was  not  defined). 
There  is  neither  any  indication  that  the  policy  was  adopted  nor  any 
written  operational  guidelines  for  establishing  the  level  of  the  two  ponds. 

b.  Warning  System.  There  is  no  system  to  warn  of  an  impending  flood, 
of  possible  overtopping  or  of  other  problems  with  the  dam. 

4.2  Maintenance  Procedures 


a.  General.  There  is  no  set  program  for  maintaining  the  dam. 
Maintenance  is  performed  on  an  as  needed  basis.  The  only  operating 
facilities  on  the  dam  are  the  two  sluice  gates.  At  the  time  of 
the  inspection,  the  timber  stems  for  both  gates  were  in  good  condition 
but  the  metal  parts  require  attention.  The  gates  are  operated  twice  a 
year;  opened  in  mid-summer  and  closed  in  spring. 

4.3  Evaluation 


The  fallen  trees  surrounding  the  reservoir  represent  a  potential 
problem.  If  not  removed  they  may  endanger  the  dam  during  a  flood  situation. 
Many  fallen  trees  and  large  branches  are  floating  near  the  shoreline.  The 
debris  may  be  the  result  of  either  logging  operations  or  trees  fallen  by 
high  winds,  or  both.  The  largest  accumulations  of  branches  and  other  float¬ 
able  debris  is  adjacent  to  the  dam  indicating  that  the  prevailing  winds  may 
tend  to  push  debris  toward  the  dam.  During  an  event  of  heavy  precipitation, 
when  rains  may  be  accompanied  by  high  winds,  more  of  the  floating  debris 
may  be  driven  toward  the  dam.  This  may  increase  the  possibility  of  clogging 
the  spillway  with  debris  or  the  possibility  of  debris  snagging  on  other 
obstructions  (such  as  trees  on  the  dam  crest)  which  could  increase  the 
height  of  possible  ove  topping  during  a  catastrophic  storm  event.  No  written 
procedure  for  maintaining  the  reservoir  area  was  uncovered. 

Current  procedures  are  considered  to  be  inadequate  to  insure 
that  all  problems  encountered  can  be  remedied  within  a  reasonable 
period  of  time.  The  owner  should  establish  written  procedures  for 
operating  and  maintaining  the  structure. 
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SECTION  5 

EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES 


5. 1  General 


East  Long  Pond  Dam  has  two  fixed  crest  weirs  and  one  36-inch 
diameter  pipe  which  is  controlled  by  two  30-inch  by  72-inch  gates. 

The  emergency  spillway  is  set  at  elevation  1208  msl.  It  is  con¬ 
trolled  by  a  concrete  sill  the  bottom  of  which  is  buried  at  least  two 
feet  below  original  grade.  The  sill  is  100  feet  in  length  but  only  70 
feet  were  visible  at  the  time  of  the  inspection.  Consequently  a  weir 
length  of  80  feet  was  selected  for  computational  purposes.  It  was 
reported  that  the  lake  is  usually  kept  at  this  level  and  water  is 
allowed  to  trickle  this  sill. 

The  12-foot  wide  weir  over  the  control  structure  was  originally 
designed  to  be  at  the  same  elevation  as  the  emergency  spillway.  Post 
construction  changes  have  raised  the  crest  to  9-inches  above  the  emer¬ 
gency  spillway.  Consequently,  this  crest  was  considered  to  be  an 
auxiliary  spillway. 

With  the  reservoir  level  at  the  top  of  the  dam,  the  auxiliary 
spillway  would  convey  45  cfs  and  the  emergency  spillway  would  convey 
700  cfs.  Thus  the  project  would  discharge  745  cfs  at  the  top  of  the 
dam  (elevation  1210). 

The  pond  outlet  is  controlled  by  two  gates  with  wooden  stems 
which  rise  vertically  in  the  center  of  the  spillway  in  the  upstream 
face.  No  rating  or  other  anlysis  was  performed  for  the  outlet.  The 
location  of  the  gate  operating  mechanism  in  the  center  of  the  spillway 
would  obviously  prevent  gate  operation  during  periods  of  high  water. 

The  watershed  of  East  Long  Pond  is  relatively  steep  mountainous 
terrain  covered  for  the  most  part  with  trees  and  forest.  The  lake 
area  at  full  pool  of  188  acres  represents  9  percent  of  the  total  water¬ 
shed. 


5.2  Design 

No  data  on  the  hydrologic  design  of  East  Long  Pond  Dam  was  located. 

5. 3  Experience  Data 

There  are  no  recorded  experiences  of  overtopping  or  any  visual 
accounts  of  such.  However,  a  1974  inspection  report  by  an  engineer  for 
the  Vermont  Department  of  Water  Resources  indicates  that  severe  erosion 
occurred  downstream  of  the  emergency  spillway  crest  during  a  period  of 
excessive  runoff  in  June  1973.  No  estimate  was  made  of  either  high  water 
marks,  size  of  flow  or  discharge.  As  a  corrective  measure  the  area 
downstream  of  the  emergency  spillway  sill  was  backfilled  with  rocks  and 
stones  obtained  at  or  near  the  oite. 


5.4  Test  Flood  Analysis 


The  storage  capacity  of  this  dam  (3620  acre-feet)  puts  it  in  the 
Intermediate  class.  The  hazard  classification  is  High  since  failure  of 
East  Long  Pond  is  likely  to  endanger  the  lives  of  more  than  a  few  people 
at  Mackville  (3  miles  downstream)  and  in  the  outskirts  of  Hardwick 
Village  to  4  miles  downstream).  The  PMF  curve  envelope  for  Mountainous 
areas  was  used  and  a  discharge  per  square  mile  (2350)  was  then  multiplied 
by  the  actual  drainage  area  to  obtain  the  PMF  inflow  of  8100  cfs.  The 
test  flood  was  then  routed  through  the  reservoir  assuming  the  water 
surface  to  be  initially  at  the  crest  of  the  emergency  spillway  (elevation 
1208.0  NGVD) .  Calculations  indicate  that  the  dam  would  be  overtopped  by 
3.3  feet  (el  1213.3  NGVD).  The  resulting  storage  (1040  acre-feet)  would 
attenuate  the  inflow  to  5650  cfs  outflow.  The  routed  test  flood  outflow 
(5650  cfs)  represents  a  30%  reduction  of  the  test  flood  inflow.  The 
spillways  will  pass  745  cfs  at  the  top  of  the  dam;  this  represents 
13%  of  the  routed  test  flood  outflow. 

5.5  Dam  Failure  Analysis 

Using  the  Corp's  April  1978  "Rule  of  Thumb  Guidance  for  Estimating 
Downstream  Dam  Failure  Hydrographs,"  a  dam  failure  analysis  was  performed 
for  East  Long  Pond.  Prior  to  failure,  the  water  level  was  assumed  to  be 
at  the  crest  of  the  dam  (1210.0  NGVD)  and  the  breach  height  (upstream  toe 
to  water  surface)  would  be  20  feet.  A  rock  knoll  located  on  the  downstream 
right  embankment,  would  prevent  total  failure  of  the  structure.  Because 
of  this,  a  breach  width  of  70  feet  (27%  of  dam  width)  was  used  to  compute 
breach  outflow  instead  of  104  feet  (40%  of  dam  embankment)  as  suggested  by 
the  rule  of  thumb  method.  Using  the  Salnt-Venant  equation,  a  breach  outflow 
of  10,500  cfs  was  computed. 

The  breach  would  produce  a  6.5-foot  flood  wave  and  the  resultant  stage 
of  Nichols  Brook  would  be  8.5  feet  above  streambed  at  the  initial  impact 
area.  Located  approximately  3  miles  downstream  is  Mackville  Dam.  By  the 
time  the  flood  wave  reached  Mackville  Dam,  it  would  be  8.0  feet  high  and  would 
result  in  a  stage  of  11.6  feet.  The  flood  wave  would  cause  subsequant 
overtopping  of  Mackville  Dam.  Appreciable  damage  could  occur  at  Mackville 
to  five  dwellings  with  flood  levels  up  to  5  feet  above  the  first  floor.  In 
addition,  another  residential  area  one-half  mile  further  downstream  than  Mackville 
Dam  has  about  10  more  residences  that  would  be  subject  to  the  resultant  flooding. 
It  is  likely  that  more  than  a  few  lives  may  be  lost  if  East  Long  Pond  is  breached 
and  therefore  the  dam  is  classified  as  High  Hazard. 


SECTION  6 


EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations 


The  visual  inspection  did  not  disclose  any  indications  of  structural 
instability. 

6.2  Design  and  Construction  Data 

The  design  and  construction  data  available  is  very  limited.  The 
recommendation  by  H.K.  Barrows  to  construct  the  crest  4.0  feet  above  the 
crest  of  the  emergency  spillway  was  not  done. 

6.3  Post  Construction  Changes 

In  accordance  with  the  available  records,  post-construction  changes 
include  the  raising  of  the  auxilliary  spillway  crest  by  nine  inches. 
Repairs  have  been  made  to  the  concrete  structure  of  this  spillway.  There 
was  no  indication  of  the  date  of  the  post-construction  changes. 

6. 4  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  2  and  in  accordance  with  the 
Phase  I  inspection  guidelines  does  not  warrant  seismic  analysis. 


SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  &  REMEDIAL  MEASURES 


7.1  Assessment 


a.  Condition 


On  the  basis  of  the  visual  inspection,  the  dam  is  judged  to  be  in 
fair  condition.  Its  future  stability  can  be  affected  by  the  trees  growing 
on  the  dam,  by  deterioration  of  the  downstream  face  of  the  auxiliary  spillway, 
obstruction  of  the  spillways  with  debris  and  inadequate  spillway  capacity. 

b.  Adequacy  of  Information 

The  design  and  construction  information  available  was  very  limited; 
thus  the  assessment  of  the  condition  of  the  dam  is  based  on  the  visual 
inspection.  The  information  on  the  design  provided  no  substantial  base 
for  analysis. 

c.  Urgency 

The  recommendations  presented  in  Section  7.2  and  7.3  should  be 
carried  out  within  one  year  of  receipt  of  this  report  by  the  owner,  with 
the  exceptions  noted  in  Section  7.2  below. 

7. 2  Recommendations 

The  following  investigations  and  needed  corrections  should  be 
performed  under  the  direction  of  a  registered  engineer  qualified  in  the 
design  and  construction  of  dams: 

a.  Design  and  construct  repairs  to  the  downstream  face  of 
the  auxiliary  spillway  and  the  training  walls. 

b.  Determine  the  original  construction  configurations  and 
rectify  the  ambiguity  between  the  4.0  feet  recommendation 
of  H.K.  Barrows  and  the  2.0  to  2.5  feet  presently  available 
between  the  emergency  spillway  crest  and  top  of  dam. 

An  even  settlement  of  1.5  to  2.0  feet  would  not  seem 
reasonable. 

c.  Design  and  construct  an  appurtenance  to  lessen  the 
likelihood  of  obstructing  the  spillways  with  floating 
debris. 

d.  Remove  trees  and  stumps  from  the  crest  and  slopes  of  the  dam. 

e.  Design  and  construct  an  alternative  device  to  operate  the 
gates  without  having  to  stand  on  the  spillways. 

f.  Perform  a  detailed  hydrologic-hydraulic  investigation  to 
determine  the  need  and  means  of  increasing  the  discharge 
of  the  project. 


aeration  and  Maintenance  Procedures 

,  Remove  trees  and  bushes  growing  on  the  crest  and  slopes  of  the  dam. 

,  Repair  broken  gate  operating  mechanism  for  the  gate  operating 

mechanism;  either  store  at  the  site  or  provide  protection  for  parts  of 
operating  mechanism;  and  replace  broken  concrete. 

,  Repair  all  cracked  and  spalled  concrete. 

,  Replace  missing  riprap  and  repair  eroded  areas  on  upstream 

slope  of  dam. 

.  Develop  formal  surveillance  and  downstream  flood  warning  plans, 
including  round-the-clock  monitoring  during  heavy  precipitation. 

,  Establish  a  program  of  annual  technical  inspections 

by  a  qualified  registered  engineer  which  should  include 
monitoring  of  seepage  areas  downstream  of  the  auxiliary 
spillway. 


7.4  Alternatives 


There  are  no  practical  alternatives  consistent  with  the  present  use  of 
the  dam. 


APPENDIX  A 

VISUAL  CHECKLIST  WITH  COMMENTS 


INSPECTION  CHECK  LIST 


PROJECT  East  Long  Pond 


DATE  10-26-79 


PROJECT  FEATURE 
DISCIPLINE 


NAME  J.  Bilotta 
NAME  S.  Knight 
NAME  G.  Castro 


AREA  EVALUATED  CONDITIONS 


DAM  ENBANKMENT 


Crest  Elevation 

Current  Pool  Elevation 
Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Conrete  Structures 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

Trespassing  on  Slopes 

Vegitation  on  Slopes 

Sloughing  or  Erosion  of  Slopes  on 
Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at  or 
near  Toes 

Embankment  or  Downstream  Seepage 


Piping  or  Boils 
Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 


1210.0 

3'-9"  below  crest  1206.25 
Unknown 
None  observed. 

| 

!  N/A 

j  None  observed . 

J  Too  irregular  to  judge. 

!  Too  irregular  to  judge. 

!  Too  irregular  to  judge. 

!  Erosion  of  upstream  face  near 
i  concrete. 

;  N/A 

I 

!  Not  observable. 

j 

1  Trees  and  bushes  on  downstream 
|  slope,  tree  stumps. 

i 

i  Minor  erosion  of  upstream  slope 

I 

|  Extensive  displacement  of  Riprap 
!  on  upstream  stlope  -  across  without  j 

j  Riprap .  f 

i  None  observed.  •’ 

i  1 

{  Some  seepage  along  base  of  right  t 

j  spillway  training  wall.  ~ 

I  • 

:  NOTE:  Some  minor  cavities  were  ' 

j  noted  along  downstream  slope  of  ^ 

right  abutment.  ] 

I  *1 

•  None  observed  or  known. 

;  None  observed  or  known.  | 

j  None  observed  or  known.  j 

j  None  observed  or  known.  t 
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INSPECTION  CHECK  LIST 


PROJECT  East  Long  Pond _  DATE  10-26-79 


PROJECT  FEATURE 

NAME  J.  Bilotta 

DISCIPLINE 

NAME  S.  Knight 

NAME  G.  Castro 

AREA  EVALUATED 

CONDITIONS 

1  "  “  __  " 

OUTLET  WORKS  -  INTAKE  CHANNEL  AND 

INTAKE  STRUCTURE 

a.  Approach  Channel 

Slope  Conditions 

None  observed .  S 

Bottom  Conditions 

None  observed..  | 

Rock  Slides  or  Falls 

ft 

None  observed.  £ 

Log  Boom 
Debris 

Conditon  of  Concrete  Lining 
Drains  or  Weep  Holes 


b.  Intake  Structure  ; 

Condition  of  Concrete 

I 

Stop  Logs  and  Slots 

i 

i 

j 

i 

i 

i 

I 

t 


i 

i 

v 

V 

No  stop  logs  -  makeshift  ■ 

trashrock  in  operable  condition  I 
6x6  timber  risers  in  good  condition. 

j. 

y 


I 


$ 

V’ 

i 

! 


I 
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►* 
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INSPECTION  CHECK  LIST 


PROJECT  East  Long  Pond 

DATE 

10-26-79 

PROJECT  FEATURE 

_____  NAME 

J.  Bilotta 

DISCIPLINE 

NAME 

S.  Knight 

n  /-» _ _ _ 

NAME  G.  Castro 


AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  CONTROL  TOWER 

No  control  tower. 

a.  Concrete  and  Structural 

General  Condition 

Condition  of  Joints 

Spalling 

Visible  Reinforcing  j 

; 

1 

j 

Rusting  or  Staining  of 

Concrete 

1 

j 

Any  Seepage  or  Efflorescence 

i 

Joint  Alignment 

l 

i 

| 

Unusual  Seepage  or  Leaks  in  i 

Gate  Chamber 

} 

Cracks  ! 

1 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 

Air  Vents 

None . 

Float  Wells 

None . 

1 

Crane  Hoist 

None . 

Elevator 

None . 

Hydraulic  System 

None. 

Service  Gates 

J 

| 

Emergency  Gates  - 

Not  operatable  -  parts  have  to 
be  brought  in  from  outside} wheel 
stored  by  attached  to  tree. 
Operator  has  to  cross  two  spill¬ 
ways  to  assemble  and  operate  gate 
by  hand  only. 

None . 

Lightning  Protection  System 

None. 

Emergency  Power  System 

|  None . 

Wiring  and  Lighting  System  in 

Gate  Chamber 

None. 
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INSPECTION  CHECK  LIST 

PROJECT  East  Long  Pond _  DATE  10-26-79 

PROJECT  FEATURE  _ 

DISCIPLINE 


NAME  J.  Bilotta 


NAME  S.  Knight 


NAME  G.  Castro 


AREA  EVALUATED 


CONDITIONS 


OUTLET  WORKS  -  TRANSITION  AND 
CONDUIT 

General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 


Good  condition  at  end  of  outlet 
pipe. 

None . 


Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 
Numbering  of  Monoliths 


i 


t 


t 


j 

I 

i 

i 


None. 
None. 
None. 
None. 
None. 
None . 
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INSPECTION  CHECK  LIST 


PROJECT  East  Long  Pond 


DATE  10-26-79 


PROJECT  FEATURE 
DISCIPLINE 


NAME  J.  Bilotta 
NAME  S.  Knight 
NAME  G.  Castro 


J 


AREA  EVALUATED 


OUTLET  WORKS  -  OUTLET  STRUCTURE 
OUTLET  CHANNEL 

General  Condition  of  Concrete 
Rust  or  Staining 

Spalling  i 

1 

Erosion  or  Cavitation  j 

Visible  Reinforcing  j 

Any  Seepage  or  Efflorescence 

j 

Conditon  at  Joints 

J 

Drain  holes  • 

Channel 

| 

Loose  Rock  or  Trees  Overhanging  J 
Channel  j 

t 

Condition  of  Discharge  Channel 

I 

I 

i 

I 

i 

i 

! 


CONDITIONS 


No  outlet  structure  as  such. 


No  loose  rock,  some  trees. 
Narrow  by  in  good  condition. 
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INSPECTION  CHECK  LIST 


PROJECT  East  Long  Pond 

PROJECT  FEATURE  _ 

DISCIPLINE 


DATE  10-26-79 

NAME  J.  Bllotta 
NAME  S.  Knight 
NAME  G.  Castro 


AREA  EVALUATED 

OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNEL 

a.  Approach  Channel 

General  Condition 

Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 

c.  Discharge  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Channel 

Other  Obstructions 

*Severe  spalling  of  downstream 
face 


CONDITIONS 


0.8'  higher 

None 

None. 

None 

Emergency  Spillway  j 

silted  (riprap  S 

left  side  only)  | 

None 

-clogged  with  debris 

i{ 

ij 

No  training  walls  •• 

Good 

Good  j; 

y 

Minor 

r 

Minor  r 

Minor  spilling 

f 

None  observed 

None  observed 

None  observed  > 

None  observed 

None  observed  \ 

None  observed 

l 

None  observed  ' 

k 

Good  n 

1’ 

) 

Good  * 

None 

None  1 

Some 

None  v 

% 

Rock,  boulders 
&  outcrops 

5, 

Cobbles  * 

i 

None 

None 

Seepage  observed  V 
at  bottom  of  dis- 
charge  spillway  i 

-rust  stained  -i 

1 


* 


INSPECTION  CHECK  LIST 


APPEND rX  B 


1.  Records  of  design  and  construction  that  occurred  during 

1929  and  1930  are  available  on  microfilm  in  the  Vermont  State 
records.  They  have  been  photocopied  and  placed  immediately 
behind  this  page. 

2.  Inspection  reports  were  filed  by  Stephen  Haybrook  for  the 

Public  Service  Commission  and  by  Don  Speis  and  A.  Peter 
Barranco  for  the  Vermont  Department  of  Water  Resources. 
Photocopies  of  some  of  the  available  literature  follow. 

The  inspection  reports  are  available  in  the  Montpelier, 
Vermont,  office  of  the  Department  of  Water  Resources. 

3.  Plans  and  sketches  prepared  by  DuBois  &  King,  Inc.,  appear  on 

figures  B-l  and  B-2.  Information  shown  on  these  plans  and 
sketches  is  based  upon  Information  in  past  inspection  reports 
and  observations  made  duringthe  visual  inspection.  Dimensions 
or  materials  indicated  on  these  plates  which  were  below  grade 
or  water  during  the  time  of  inspection  were  not  verified. 
Elevations  shown  are  based  upon  USGS  datum. 

4.  There  are  no  known  records  of  subsurface  investigations. 
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FXINC<I>4L  AS»T  CNG'NCC* 


H.  K.  BARROWS 

N  AM  Bbt  C  I 

CONSULT*  NO  tNOINtC* 
•  Beacon  Street 
BOSTON 


August  30,  1030 


Ecu.  Henry  3.  Shaw,  Chairrran 
Public  Service  oonjrlssion 
llor.t  celier,  Vermont 


c .  1503  -  Oust  lot.T  Pc 


Pear  oir: 


In  accordance  with  the  order  of  ycur 
Ocrmr.issi  or.  dated  lor.  19,  1929,  1  subn.it  tr.e  feller.- 
report  upon  the  dax  constructed  at  East  -or.r  Pond  o 
ir.  the  town  of  *.  c  or  bury ,  Vt,,  during  t;.e  latter  car 
19  29 . 


Dljw a(1m  aXc.i  t  c so  .a i.  ... — 1.  *  / 


fuo  .last  _c:.“  :c:  d  la.:,  o'  t:.c*  irce..  .. 
Power  dorp  oration  is  located  in  the  to:.::  of  .\:ilur 
upon  a  anall  stream  ?.  *:ici»  flows  nort  uer_;.  a..d  «;.t^r 
tr.e  -smcille  niver  ut  l.arcvioh.  ib-st  ..one  x  on. '.  a. 


■.iCOidu  a  -Chu,  a  snort  c*  ^stance  -o’*,  j.s'.i'-.'u 
storage  for  the  uardwi c>  p’a-.t  o the  Jro 
Corporation, 


fhe  tributary  drain*  -o  area 
Pcr.d  is  about  2  Sjuarc  ..tiles  and  •  t  or  a 
cf  about  259  acres. 


'4  ",  1 


x  .  a  -.  c  u  t  zi 
ilh-ii;:  a:.:, 
of  tr. o  bo...  x::t  ».  . 


The  d u.~  is  co.-.otr.  .•tod  c  f 

A  .,r  -  I  ...  .  ..  •  •  r.  A,.*  .!.» 


spilh-ui;:  a:.:,  -  2^5  r  C1  outlet 


*n  Vi  j 

rr  'VOtO  u. 


T 


'•  j 


with  outcff  ditch  V.  l'L,  loon  x  5  ft,  w t<l'j ;  the  ryr.aL/.dor 
of  the  oroua-aocticr;  lu  cf  a  mixture  of  c lay  and  ou.:.i 
and  t<ravol,  v.ith  coarso  c-ator  iol  at  the  outside  pert  tons 
and  rock  fill  at  dov.nrtroar.  too, 

The  top  of  t ho  oorth  embankment  as  e h  cr. r. 
oi.  the  plan  is  at  £1.  103.5.  rhia  level  was  raised  by 
rr.y  directi cn  to  31,  1C-1.75  in  erdor  to  ^ivo  a  safe 
froobcard  for  the  oarth  oir.bar.kr.ent . 

The  short  concrete  spillway  (accut  1C  ft. 
lor.gj  at  31,  ICO.  75  is  constricted  by  raising  ar.d^ 
extend iny  the  atoi^  masonry  side  walls  cf  an  old  spillway; 


11.733  n  c&r  ic.'s 

lr.  the  field.  before  recolvi  v  u?  yonr  or  da: 
const  metier.,  shier,  be. tar.  during  October,  ha.  already 
proceeded  to  the  extent  cf  the  c'r.crstc-  spill" sy s  and 
y  a  r  t  c  f  oart  h  er. t  ank.o.e  n t . 

lev .  ah.  Ifni1.  Visited  j'cfc  v.ith 
hr.  3.  0.  Gl;;s3on,  er.nir.eor  Lr.  cuar.e,  and  su .pasted 
several  charges  in  method  of  tc..atruc  t  icr.,  includi-  - 

(1;  Increase  in  level  cf  earth  e:;.bnrl:.r.*;i.t  tc 
21,  ICG. 75,  to  -Lve  greater  freeboard,  as 
already  noted, 

‘  -3e  of  clay  for  central  core  cr.ly  and  cf 

sc.t.e  sand  and  rr-nvel  in  enter  secticrs  cf 
enbarlnnent . 


.enstrnet  t;.;v  s 


■  raj.:.:  . 


at  f no  short  eu  i  ll.rau . 

i  1 1  Hi  rentier.*  re  re  else  riven,  at  tc  use  cf 
r.c  fret  or.  fill  and  irsbr.i  m>  5  cr  cf  ocelot 
cf  incpectcr's  weekly  reports. 

hec.  .'JBj.V'AVl.  Visited  fob  vith 
Mr.  ?.  A.  I'.-.ar  cf  fre  jar.  i.rireeri Corner*:  1  cn 
(v.hc  const  m  eted  tho  v.c  rh;  ?..-td  ...r.  2,  :  . ’  llyss  ; . 
Work  v.as  nearly  ocr.v.j  o  to-d  ;  Lnsrected  fill  by  r.  !*• 
holes  and  f  e  and  that  tee  had  bee;,  raised  as  re.ui, 


9 ff la e  HorY .  This  Included  study  to  choc*/ 
spillway  oajiecity  arid  general  arrowjeniont .  These 
are  adequate. 


coHCumoiia  a:;d  aacan'-zioaT  101:3 


This  snail  structure  ires  constructed  under 
some  difficulties  duo  to  it3  isolated  locution,  tut 
its  net  hod  of  construction  is  satisfactory  and  lr.  rj- 
judgment  it  prcvLdos  adequately  for  tfco  public  safety 
and  its  nar.ner  of  construction  is  satisfactory. 


Acknowledgments  are  node  to  the  engineers 
of  the  Trojan  rSuglneerlr.g  Corporation  for  a33i3tar.ee 
and  courteslos  rondored. 


Respectfully  submitted. 
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DAM  INSPECTION  STATUS 


Name  /zaj-t  7~^ajd 

777 


DMR  No.  2S2-2 
NDS  No.  VTOO  / 


Hazard  Class  2 
Size  Category  jgr 
Inspect  every  /J/g 


years  ^ 


-53 


7-27-73 


&)Z)  73 
7-/6-7^ 
7-Z3-19 


S  (Die, 


tSKOG.  0'2-?3  S-Z-73 

<iS  70icS/Z)  — _ 

1^/3  (DlcfT)  *3-1 1~7  9 _ 


Description 


Of 


POTENTIAL  DOWNSTREAM  HAZARDS 

Miles  Downstream _ 

_ 0-77 _  Subhead-  A> _ < 

_ _ " 

3’  5-  4tO _ 7Z'*t*r  rvi  J. 


Remarks 
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■)f-  (4^1 ttj  Qoj  2  Trts-iJ  •>*  fco'j<y/<-  *o6-/Q/,/,//y  f*/  ©/  /ou*r  «&**•>. 

INFORMATION  AVAILABLE 


Plans 


Dimensions  (field  check) 


Photos 


INFORMATION  NEEDED  NEXT  INSPECTION 


Dimensions  (field  check) 
Other 


Detailed  Survey 


Photos 


DWR  4/79 


It  E  P  -J  It  T 


East  Long  Pond  Pan  is  located  at  the  pond  outlet  in  the  town  of 

\  s'' 

Hoodbuiy,  Vermont.  It  is  owned  by  thojftllane  of ''Hardwick  and  operated 
as  a  storage  reservoir  for  iydrc-electric  plants  further  downstream. 

The  tributory  drainage  area  to  the  dan  is  about  3  square  miles.  ** 

At  full  pond  level  the  dan  impounds  a  reservoir  having  a  surface  area  of 
about  250  acres  and  a  useable  volume  of  about  U3  million  cubic  feet.  \ 

This  dan  was  constructed  in  1925-30  under  Public  Service  Commission 
supervision  (Case  Ho.  1563) •  Hr.  K.  K.  Barrows,  Consulting  Engineer,  was 
supervising  engineer  for  the  Commission.  At  time  of  constimction,  the 
dan  was  owned  by  the  Green  Mountain  Power  Corporation. 


General  Description; 

Details  of  the  dam  are  contained  in  I.!r.  Barrows'  report  of  August  30, 
1930.  In  general,  the  dam  is  constructed  of  rolled  earth  fill  of  selected 
materials  and  is  about  250  feet  long  and  12  feet  high.  In  cross-section,  it 
has  a  top  vddth  of  about  5  feet  and  side  slopes  on  both  faces  of  l-on-2. 
Through  its  middle,  at  the  maximum  section,  is  a  short  masonry  spillway  sec¬ 
tion  which  also  contains  two  2 . 5-f e c t-by- six-feet  outlet  gates.  At  a  sag 
in  the  rim  of  the  reservoir,  near  the  cast  end  of  the  dam,  is  an  auxiliary 
spillway  consisting  of  a  concrete  wall  100  feet  long  and  2. 0-feet-by-l. 5-feet 
in  cross-section. 


Condition  of  Dam: 

YJhen  viewed  ly  the  writer  on  June  9,  19U9,  the  condition  of  the  dan 
was  noted  as  follows: 

Since  completion  of  the  embankment  some  settlement  with  consolidation 
has  occurrod.  The  top  of  the  dam  has  lowered  probably  ono  foot  to  1.5  feet 


but  is  still  high  enough  for  tho  u:cL sting  spillway  crest  level.  The 
embankment  appeared  in  a  stable  condition.  All  exposed  faces  of  the 
embankment  have  now  become  overgrown  with  brush,  which  adds  somewhat  to 


holding  it  together  although  it  docs  indicate  a  lack  of  maintenance. 
Seepage  was  detected  along  tho  west  wing  wall  of  the  spillway  and  gate 
section,  indicating  an  insecure  bond  between  the  wall  and  the  embankment. 
However,  at  its  present  stage,  the  condition  is  not  serious. 

Settlement  has  also  occurred  in  the  spillway  and  gate  section,  re¬ 
sulting  in  a  crack  in  tho  west  wing  wall,  indicated  in  the  photograph 

below.  The  separation  at  tho  top  measures  about  5  inches.  The  condition 

a,-/  -M/s  f/w»<  • 

however,  does  not  adversely  affect  the  stability  of  the  section^  It  is 
noted  that  the  wing  wall  construction  consists  of  a  concrete  extension. 


The  concrete  wall,  serving  as  an  aircLLi  ary  spill way,  was  found  to  be 
in  a  run-down  condition.  Deep  cracks  in  the  concrete  permitted  leakage 
in  a  few  places.  Gone  surface  scaling  has  also  taken  place.  3ecause 
this  section  is  backed  bp-  a  stone  fill  and  because  the  depth  of  water  is 
shallow  at  this  location,  it  is  considered  stable  enough. 

Comments; 

According  to  LIr.  Barrows*  report,  the  construction  of  this  dam  was 
carried  out  in  a  satisfactory  manner.  Some  changes  in  the  design,  as 
suggested  by  him,  were  incorporated  in  the  construction.  The  most  signi¬ 
ficant  of  these  is  the  additional  foot  of  embankment  to  provide  sufficient 
freeboard  after  settlement  and  the  use  of  clay  for  the  central  core. 

East  Long  Pond  discharges  into  Nichols  Pond  which  is  located  about 
-y  mile  further  downstream.  Both  are  about  equal  in  sice  in  storage 
capacity  end  are  situated  in  an  isolated,  wooded  location.  Nichols  Pond 
has  a  rcoarding  effect  on  any  large  discharge  released  from  Bast  Long  Pond. 

The  ovner  is  nov:  in  the  process  of  building  an  access  road  to  the 
dam  site.  Its  purpose  is  to  facilitate  maintenance  and  repairs.  Flans  to 
repair  who  dan  arc  under  consideration. 

Conclusions; 

In  view  of  its  location.  East  Long  Pond  Dam  is  believed  to  be  in  a 
reasonably  good  condition. 


irmi.ULIC  ENGINEER 


Public  Service  Commission 
I'ontpclier,  Vermont 
October  27,  lyh? 


♦REPORT  NO.  7/ 


N 


STATE  OF  VERMONT 


Department  of  Fish  and  Game 

Department  of  Forests,  Parks,  and  Recreation 

Department  of  Water  Resources 

Environmental  Board 

Division  of  Environmental  Engineering 

Division  of  Environmental  Protection 

Natural  Resources  Conservation  Council 


AGENCY  OF  ENVIRONMENTAL  CONSERVATION 

Montpelier,  Vermont  05602 
Department  of  Water  Resources 


WATER  QUALITY  DIVISION 
October  12,  1979 


MEMORANDUM 


To: 

From: 

Subject: 


File 

A.  Peter  Barranco l,  'Sr.,  P.E.,  Dam  Safety  Engineer 
East  Long  Pond  Dam  -  Woodbury  (252-2) 


On  July  23,  1979  the  writer  inspected  subject  dam  and  obtained  dimensions  and 
photographs.  Water  level  -  1.75'  below  P/S  crest. 

The  dam  appears  to  be  in  fair-good  condition  but  in  need  of  maintenance  prin¬ 
cipally  brush  and  tree  removal.  The  concrete  of  the  spillway  is  in  generally 
good  condition,  however,  there  is  deterioration  of  concrete  facing  downstream. 
Active  seep  in  right  downstream  stone  side  wall  for  spillway  channel.  No  apparent 
seepage  along  downstream  toe,  however,  it  was  so  overgrown  with  brush  that  it 
was  difficult  to  examine  closely. 

Emergency  spillway  has  collected  some  debris  on  weir  and  approach  channel. 

Weir  is  partially  buried  and  overgrown.  Cobble  riprap  protection  in  exit 
channel  in  fair  shape.  Seepage  noted  below  weir  in  cobbles.  Some  sunken 
barrels  have  lodged  against  the  trash  rack  at  the  principal  spillway . 


/  7A?/ 


in  rmc 


Ftr*  v  & 


St-  :> 
C-j^jajO 


/  3  *  OV-csf/VutK 

._ _  &  4u  V 

OVC^r'P&j* 


_ 


IKli-,,. 

_k  KLILLl 


•  3^»A 

7* 


'  Y 
-  — ^ _ 


. .  ’  /.•?  1 


!  £ - ^f 


PU^NI  I*'  -  ?Q 


S  ?3  - 

-  S  :i  .  ti- 

_  I 


Z*- 


C.f>  VYl 


c*«t- 


»••>  /  »'.«4<i' 

t  r 


fcut,NJ/VT>O0  l"»  ?o'  ft  tW 


AfWor  Jftfu 


p/s'Ftvse: 


C«J  kilW 


s^ftii  W«< 


— . —  4  ccue .  ^«\»e 


kn 


C  ’  ■•*,•  Cr*i*  • 

«»~>*  "5  -7-rj-7* 


r  tan. 


T/*f#aC  T7?rtili  C*c* 


vt 


W  vWr 

t'  36"  f* 

_ £  -  -  - - - 

•*■  «•_ 
o-S’  1 

Ct»c.  \rx^  UK  A 


— i«/w  et. 


f 

?9-ZS-2J  -S« cVto»A  A— A 

r=*  \o'  tv  e\/ 


—  /3 


t: 


*1 


J."  A'  J  I.1*  U"  1  ■■  V  1  ■  fTMiiBi. 

REPRODUCED  AT  g  ovmmm  i  APEfoSE 

0tf>^ 

.  MS'* 

Ul_  ,  - 


"'4  1  "*  i.'"*  -'I  STI  ^  ’-■'»  V  ’  r* 


t 


W 

CHKD  BY 


r- :"V.  IV.N  .WAIMVA'-Viv  “\.'X'  'v'  ■C 

date  /6h<*-7?  subject  bSriST’  «wv6  /--^jVD  pr^At 


SHEET  NO.  ^  OF 

JOB  NO.  252-2 


vS  UO 
Ctf-X-rV 


i 

i 


BSYl  v€i( t  S  I^ULUJrt-Y 


\>^ 


I  i 


test?) 


O  o>/7sec. r/OA7  oa  /=»</orD6eAP/y5 

O  F^t/uT  ^^^r/o-c/ 


t>. V'rf '■: £*$■ .';  '  ’'■; 


s//Af*£r  trsr/MA  r~£  cy  &y 

V/S  tsA  L  //JSF’Fd  7-/0  AJ 


grtfw^atliniitanmertdiefvfces 


Department  of  the  Army 
New  England  Division 
Corps  of  Engineers 
Waltham,  MA  02154 


KlATtOAJAL  /DAF 7  /a/SF£  C.T/QAJ  f^/eOCJSA** 
£~S\S>T  LoaJC>  /°CWD  -  pAJ^i 

Wogo&u&Y)  I 

Je£/M~  /R^/V 


I  fSfi&Xt r/**i  *rt*V*0\ w£mm\*KZ*i\ 


rj*i»y 


'  H  ^  •  *  j,  m- 


SZtTMT/O/J 

AX>r  70  ySCAL-C 

z.  o  o /r /m &~z>o>A//v3rr/T£AM 


<j=>iLi.srj^y  ce£&r 


T/M&ce  r&A&Af  e*<-< 


vyrttc- 


✓a/K  4TC  tSA/JZASO  ivW 


rqmatts<rt«oita  i  iwfclwofew 


Dcpar 
Rw 
•  Cot 

Wa 


i  KJAT/OaJA  L  /DAaa  /aJS/*£c.T‘ 

;  <£7^st  Lof^JO 

!  Waoo&uxzr^  Vk, 

£££)**TlOAJ 


l/J 


T  s  f  'Z  07rE~~crr~fnp/<AP 


tl-G 

J/vs~r/7£AM 


engneertig  and  erv»ormer*d  services 
WMO&m.  vwmokt  /  concowo  n€w  «■  i  ■“»  mk 


Department  of  the  Army 
Nev  England  Division 
*  Corps  of  Engineers 
Waltham,  MA  02154 


KJAT/oaJa  l  //sys/=,£c.r/c^u  P’B.oozaw 

i 

« 

;  £'/)sr  Lo^-fo  Pov/d 

lA/oc>o<3u&r;  l 

AMO  ^>£c.T/0*J 


APr^o^tCjo 


C./*C.t 5T:  >*5>  iWot'wv' 


r* .  DCc*~iBf e  Z.O  /$->«? 
p£.A)T&  &-  Z. 


APPENDIX  C 


'  > 


■1 


??t21 


APPENDIX  D 


HYDROLOGIC  AND  HYDRAULIC  CALCULATIONS 


DuBoU  &  King,  Inc.  ENGINEERING  AND  ENVIRONMENTAL  SERVICES  RANDOLPH  VERMONT  05060 


Job  No. 


_ ?///  o _ 

gam  ifiJO/or  rr/r.AJ  VJC/'K 


_ ft  _ DMA _ 

57  Lcn6  pe.rJb  1AM 


Sheets,  of  J± _ 

Date  >!  /2<=/  *7? _ 

By/^Ch’k.  by  ^L,_ 


/Voft/M 


L  prjGL  SURFACE  A  k  E.A  ( CLT.U  AT’*  /Zo8&j)U5&£ 


fi£Ao/rj<Z  1 


o.  3  o 


ft£At>tfj6  2, 

G  •  S  9j  =  o .  ?  5 
'2. 

fyVEfi(\6£  -  O.  87/3-  G  2  7 


EAD/AJG  3 


0 .  27 


Afie  A  >  0.773  (£>■  29)  -  o  .  2#  m;  2  n  /  £  O  .  £, 

/rtYifiU'rry  PocjL  A/?fA  jo  BF  OBTAirJCO  VfA  GRAPH  °AJ 
,  UT  >  L-  /  2  //'-'(S'  >»/?/./!  /17  *JE*T  CcmuIoufl  LuVC  <■  (  EL  £0.  tzZ^(U  j 

R£hl~LP*LJ:  RrAoh-r.z  3 


G-  35 


^  2/?  •-  0.  36 
AverPAGF  -  l  o&/$  -  <0-36 


A  L^vS  3 
/.oe/3  G.  36 


Aft£;<».  sO.*fr  XO.f/^  •=  0.3  ?/*>,*  -  2  2  -f  .  2  of^o 


A/  c  ••  ^ i.  / 


u  UfOR, <■' C- c.  (  I  2  Off' )  (  1 /frt.un.f  vj<y  ">) 


lUlAR'i  !  O  C.  V/Vr'V  ^  /<5  ' 

/&  /  y  /'So.p,  <*?«.!;  -  :■  ~  -J  o,  <rcT.fi.  - 


3  2  5/  <x-f 


S  ORRHC-  trA  C  T°I2  F  (  l2l<r>‘\ 

2  '  y  ( )  r  36  5-  2  «  -f 

A  '  ' 

p  ft  Z  I  A'  -j  fA  pOOL  5-/  tRPRC-r 

f(jr,y  or  HAi-iZE  A'Jf>  FCtertAj.  fjaRA&t. 


3&#  2-t  1Z£o>S  -  lC,!r1 .  O  a  -T 


Duffois  &  King,  Inc.  ENGINEERING  AND  ENVIRONMENTAL  SERVICES  RANDOLPH  VERMONT  05060 


Job  No. . 

Project 

Subject 


o _ 

;/y  ‘Zpj  '!>*  .W _ 

fii'Str  Puc-H*  f>  7j2£/L A  £- 


Sheet  _1  of  J±- 
Date_^Zi£VZi 

By^Ch’k.  by -2 


DuBois  &  King,  Inc.  ENGINEERING  AND  ENVIRONMENTAL  SERVICES  RANDOLPH  VERMONT  05060 


DuBois  A  King,  Inc.  ENGINEERING  AND  ENVIRONMENTAL  SERVICES  RANDOLPH  VERMONT  05060 
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